. Primary total knee arthroplasty (TKA) has been advocated as a treatment modality in patients with distal femoral fractures who already have a painful arthritic knee 1, [10] [11] [12] [13] [14] [15] . Most of them have been treated using a hinged prosthesis 1, [10] [11] [12] 14) . However, there are concerns about the high rate of loosening and mechanical failure of this type of prosthesis 10, 13) . Yoshino et al. 15) reported on 3 cases of posterior-stabilized (PS) TKAs. But, PS femoral component also requires an intercondylar box cut for cam and post mechanism and this procedure may affect the fracture stability in case of juxta articular fractures 13) . In et al. 13 ) treated 3 cases using cruciate-retaining (CR) augmentable total knee implants with stem extension. The Medial Pivot Knee (Wright Medical Technology Inc., Arlington, TN, USA) was developed specifically to replicate normal knee kinematics and reduce polyethylene wear by providing more conforming surface shapes 16, 17) . Posterior cruciate ligament
Primary Total Knee Arthroplasty for Simple Distal Femoral Fractures in Elderly Patients with Knee Osteoarthritis

Introduction
Distal femoral fractures in the elderly usually occur as a result of low energy trauma, and are difficult to treat because of osteoporosis and pre-existing osteoarthritis 1, 2) . Traditional methods for internal fixation of distal femoral fractures have included the 95-degree angled blade plate fixation, dynamic condylar screw fixation and retrograde nailing [3] [4] [5] [6] [7] . More recently, anatomic
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(PCL) can either be retained or sacrificed during the soft tissue balancing procedure without femoral box cutting 18) . Femoral stem can be easily extended with minimal constraint as per the requirement. We are of the opinion that the Medial Pivot Knee offers advantages of preservation of femoral bone stock and flexibility in the decision of PCL treatment with the use of the same component in TKA for distal femoral fractures. The purpose of this study was to evaluate the clinical and radiographic results in patients with knee osteoarthritis who underwent TKA with the Medial Pivot prosthesis for distal femoral fractures.
Materials and Methods
Between January 2006 and December 2009, 8 displaced distal femoral fractures in 8 patients were treated with TKA using the Medial Pivot prosthesis. All patients were females and the average age at the time of surgery was 76.8 years (range, 65 to 89 years) ( Table 1 ). All fractures had occurred after fall to the ground during walking. All patients had been treated conservatively for advanced osteoarthritis in the affected knee and considering TKA. Among them, 2 patients had been scheduled for TKA. No patient had a history of previous knee surgery. We explained the treatment modalities and possible complications. All patients were scheduled for TKA for the treatment of distal femoral fractures and knee osteoarthritis at the same time and gave their written informed consent. The Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Association (AO/OTA) classification 19) was used to classify the fractures. All fractures were caused by low-energy trauma. Three patients had type A or extra articular fractures (two cases of A1 fractures and one case of A2 fracture). Two patients had type B or condylar fractures (two cases of B2 fractures). Three patients had type C or supracondylar fractures with an intercondylar extension (three cases of C1 fractures). All operations were performed under general endotracheal anesthesia. Patients were positioned supine on a radiolucent operation table. A standard midline skin incision in conjunction with medial parapatellar approach was used. According to the fracture type, the incision was extended proximally. Preliminary deep medial collateral ligament (MCL) release was performed at the tibial attachment site using a periosteal elevator in all patients. Displaced fractures were addressed first with reduction and application of bone clamps to the femoral shaft and a pelvic bone clamp to the condyles. Temporary Kirschner wire fixation was performed to maintain the fracture reduction during TKA procedure. Distal femoral cut was performed using the intramedullary femoral cutting guide. Anterior and posterior condylar cuts and chamfer cuts were made while holding the clamps. A proximal tibial cut was made using the extramedullary cutting guide. Femoral stems were used in 6 patients depending on the fracture stability. PCL was resected to achieve soft tissue balance in 5 patients who had a tight flexion gap after bone cutting. Flexion-extension gap balance was achieved in all patients. Femoral and tibial components were implanted with cement. To promote fracture union, bone cement was not filled into the femoral medullary canal. Additional fixation was performed using Kirschner wires, Dall-Miles cables, and screws depending on the fracture stability after prosthesis implantation. The mean tourniquet time was 76 minutes (range, 55 to 95 minutes) and the mean blood loss during operation was 365 mL (range, 220 to 500 mL).
After surgery, a long leg splint was applied and it was worn for All patients were female and they had Kellgren-Lawrence grade IV osteoarthritis on injured knee. The mechanism of injury was fall down in all cases. PCL: posterior cruciate ligament, HSS: Hospital for Special Surgery, K-wire: Kirschner wire.
1 to 6 weeks depending on the fracture stability. On the second postoperative day, the drain was removed and passive range of motion exercise was performed twice daily for 30 minutes each time using the continuous passive motion (CPM) machine to 90 o of knee flexion. Partial weight bearing using crutches was allowed from 1 to 6 weeks after surgery. Clinical and radiographic evaluations were made at 6 weeks and 3 months after surgery. If there was no evidence of bony union at the postoperative 3-month visit, the patient was followed up monthly till the fracture united. The patients were followed up for 1 year after surgery and then yearly thereafter. Clinical results were evaluated using Hospital for Special Surgery (HSS) knee scores 20) and range of motion. Radiographic evaluation was performed using anteroposterior (AP), lateral, and merchant radiographic views of the knee. Evidence of fracture union, positioning and maintenance of prosthesis, and the lower extremity alignment were carefully examined. Fracture union was assessed using the findings of cortical or trabecular bridging and disappearance of fracture lines.
Results
The mean follow-up period was 49 months (range, 17 to 62 months). There were no cases of infection or perioperative death. All fractures united and the mean time to radiographic union was 15 weeks (range, 12 to 20 weeks). The mean femorotibial angle at the final follow-up was valgus 5. . The Medial Pivot prosthesis was found to be easily adaptable for stem extension without additional bone cutting. Three patients with supracondylar fractures (AO/OTA classification A) ( Fig.  1 ) and 3 patients with supra-intercondylar fractures (AO/OTA classification C) (Fig. 2) were treated using a stem extension. Two patients who had condylar fractures (AO/OTA classification B) were treated without using a stem extension (Fig. 3, 4) . There was no angular deformity, malunion, or shortening on the AP and lateral knee radiographs of all cases. The components were well maintained without evidence of loosening. All knees were stable anteroposteriorly and mediolaterally regardless of PCL retention or sacrifice. The mean postoperative flexion contracture of the knee joint was 2. 
Discussion
In the present study, TKA was a viable option for the treatment of distal femoral fractures in the elderly who have knee osteoarthritis. Getting relief of the arthritic pain and improvement of the knee function at the time of fracture treatment was considered as the advantages of TKA over osteosynthesis in our patients. TKA can be performed after bony union through the osteosynthesis procedure in these patients. However, the elderly patients should be under anesthesia for additional procedures. It also costs money and time. In our patients, all fractures united with good range of motion of the knee and HSS scores. The advantages of the Medial Pivot prosthesis that we discovered were ease of stem extension without additional bone resection and flexibility in flexion gap balancing with the use of the same components.
Distal femoral fractures usually have a bimodal age distribution 1) . In the younger age group, comminuted fractures are usually caused by traffic accidents and are best treated with anatomical reduction and internal fixation 2, 4) . In contrast, distal femoral fractures in elderly patients are often simple fractures and are caused by minor trauma 1, 2, 4) . Thin cortices, osteoporosis, a wide intramedullary canal, and osteoarthritis of the knee make stable fixation difficult to achieve particularly in infirm women who have medical problems 1, 9) . The patients included in this study were the typical cases of distal femoral fractures. All patients were diagnosed with osteoporosis. Seven of 8 patients were more than 70 years of age. Only 1 patient had a mechanically unstable fracture of the distal femur (AO/OTA classification A2, A3, C2, and C3) 9, 19) . However, surgical decision for TKA cannot be made with only radiographic evidence of knee osteoarthritis in these elderly patients. All patients in our study had been suffering from the arthritic pain of the knee and wanted to address the knee arthritis at the same time if possible. If the elderly people are in a highvelocity accident, mechanically unstable distal femoral fractures with severe comminution would develop certainly. In such a case, a standard TKA with stem extension might be impractical and other treatment options using a hinged knee prosthesis or constrained prosthesis would be a better alternative 13) . However, most of the distal femoral fractures in the elderly patients are stable fractures and can be treated with a standard TKA prosthesis.
The Medial Pivot prosthesis is a newer concept design 16, 17) . AP stability is achieved by the ball and socket configuration of the medial compartment. Translation in the lateral compartment is unrestricted. It does not roll back as in the post and cam mechanism of the PS prosthesis. In vivo fluoroscopic analysis of the Medial Pivot prosthesis has shown that the medial femoral condyle remains fully constrained and posterior translation occurs in the lateral compartment, as called for by the design 16) . The femoral preparation procedure only requires condylar and chamfer cuts regardless of whether or not the stem is extended. We thought that the Medial Pivot prosthesis has considerable merits comparable to those of the CR augmentable femoral component for its use in TKA for the treatment of distal femoral fractures in the elderly who have knee osteoarthritis 13) . Technical considerations include the decision regarding the use of a femoral stem according to the fracture stability. In our study population, two patients had AO/OTA type B2 fractures. After bone cuts and trial component insertion, we felt that the fracture was mechanically stable. Hence, we decided not to use the femoral stem. As a result of implanting the femoral component with cement and performing additional fixation with screws and cables, good fracture stability was achieved. Both patients were treated uneventfully. However, we believe that the femoral stem should be used for mechanically unstable fractures. Other considerations include balancing the PCL depending on the flexion gap. The Medial Pivot prosthesis is different from the CR augmentable implant since it allows for flexibility in the decision of PCL treatment. With the use of the Medial Pivot prosthesis, PCL can be excised depending on the flexion gap tightness without violating the joint stability. In our study, PCL was sacrificed in 5 patients who had flexion gap tightness. Good fracture stability was achieved in all patients at the final follow-up regardless of PCL resection.
This study has several limitations. First, there was a small number of patients. Second, there was no control group for the comparison. If a retrospective cohort study could have been performed with a large number of patients, it would have shown more decisive conclusions than those of this study. However, distal femoral fractures are relatively uncommon in the elderly and this study included a 4-year consecutive case series at a University Medical Center. Long-term durability of the implant is another concern. The longevity of the insert and component loosening are major possible causes of failure of the implant. Longer followup is required to determine the true efficacy of this type of treatment. Nevertheless, we think that the longevity of the prosthesis in the patients included in this study would be the same as that in the patients who underwent primary Medial Pivot TKA for osteoarthritis of the knee.
Conclusions
Based on the clinical and radiographic results, TKA with the Medial Pivot prosthesis can be considered as an option for the treatment of minimally comminuted distal femoral fractures in elderly patients who have advanced osteoarthritis of the knee with appropriate bone stock.
